Research on the Delay in Signalized Intersection with Left-turn Special Phase  by Yanxi, Hao & Xiaoguang, Yang
 Procedia - Social and Behavioral Sciences  96 ( 2013 )  2211 – 2218 
1877-0428 © 2013 The Authors. Published by Elsevier Ltd. Open access under CC BY-NC-ND license.
Selection and peer-review under responsibility of Chinese Overseas Transportation Association (COTA).
doi: 10.1016/j.sbspro.2013.08.250 
ScienceDirect
13th COTA International Conference of Transportation Professionals (CICTP 2013) 
Research on the Delay in Signalized Intersection with Left-
turn Special Phase 
HAO Yanxia   YANG Xiaoguanga*
aTongji University, school of transportation engineering, 4800 Caoan Road, Shanghai 201804, China 
Abstract 
Firstly, this paper analyses the necessity of setting waiting area for left-turn vehicles, taking scheme of preliminary signal in 
the intersection, which can be controlled by the left-turn waiting area or preliminary signal. Then, this paper analyses the 
calculation methods of preliminary signal under different size of intersections, and gives a qualitative research in effective 
green time. Finally, based on the theoretical analysis, a simulation method is used to verify the decrease of delay and stops, 
which suggests that the preliminary signal of left-turn reduces the fuel consumption and wasted emissions of environment. 
© 2013 The Authors. Published by Elsevier B.V.  
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1. Introduction
Intersection is the bottleneck of the urban traffic result from the largest number of conflicts in the intersection
caused by the left-turn vehicles and the straights from opposite. Left-turn vehicles are not only the main factor of 
the conflicts generation, but the impact of the traffic flow straightforward as well. Therefore, whether it is to 
ensure traffic safety or to improve the capacity of the intersection, organizing left turn vehicles is the key problem 
of intersection traffic organization. 
To improve the traffic efficiency of left-turn vehicles, reduce intersection delays, the current approach which 
is taken by many cities to set left turn waiting area, the purpose of which is to make the portion of left turn 
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vehicles enter the intersection in advance within a certain time, so that make full use of the green time of the left 
turn phase, thereby increase the number of left turn vehicles pass through the intersection. However, this 
approach has many drawbacks, such as increasing the number of stops of left-turn vehicles, increasing fuel 
consumption and the environmental pollution of the intersection. Therefore it is necessary to study the 
organization of the left-turn vehicles in the intersection, in order to improve the traffic efficiency of left-turn 
vehicles as well as decrease the delay of a certain intersection. 
2. Methods of organizing left-turn vehicles 
Left-turn vehicles is the most important and complicated factor impacting the operation of a intersection, 
result from its generation of the most conflicts and its impact on the counter flow straightforward. In general, 
methods of organizing left-turn vehicles including: separate the left-turn vehicles with other traffic flows both in 
space and time; set special lane and phases for left-turn vehicles [1]. 
The common ways of organizing left-turn vehicles are [2]: set special lanes and phases, set left-turn waiting 
areas, using far guiding U-turn for the left-turn vehicles or set Rotary Island. 
The most used method of organizing left-turn vehicles is set waiting areas. The left-turn areas usually set in 
front of the special lanes for left-turn vehicles, and stretched into the intersection, the length of which should 
insure the left-turn vehicles have no conflicts with the counter straight flow as Fig. 1 shows. Left-turn vehicles 
should drive and stop before the stopping line of the waiting area when the green signal for straightforward traffic 
flows is on, and waited to pass until the green signal for left-turn vehicles is lighted. 
 
 
Fig. 1 left-turn vehicles waiting area 
The left-turn waiting areas have the certain traffic benefits analyzed above so that a practical strategy to 
improve the capacity of a intersection. Otherwise, the left-turn waiting areas still have there drawbacks, so the 
apply of which should better consider the certain condition. 
3. Condition of setting left-turn vehicles waiting areas 
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As the most popular method of organizing left-turn vehicles, left-turn waiting areas has already owned high 
appraisal.  
3.1 Summary on left-turn area 
As one of the effective measures on the intersection canalization, by reasonably setting the waiting area, 
taking full advantage of intersection idle space resources, and reasonably determining the access space of the 
traffic flow in the intersection, the traffic capacity of the intersection can be improved significantly. Both 
domestic and foreign scholars have done some researches on the methods of setting waiting areas. Studies show 
that the setting of the left-turn vehicles waiting area can be an effectively way to organize the left-turn traffic flow. 
Domestic scholars have accordingly established the concept and calculation model to solve the collision 
problems among motor vehicles, bicycles and pedestrians under the mixed traffic condition. Relative researches 
discussed about the setting principles, common ways, the length and width of the left-turn area based on the 
design experience both domestic and foreign.  
On the basis of the theoretical study, many cities have conducted many empirical studies. Cities like Shanghai, 
Hangzhou, Nanjing, etc. have taken setting the left-turn areas as a generally way to organizing left-turn vehicles 
and received excellent effects. In 2003, Shanghai and Hangzhou began to set straight traffic flow waiting areas 
besides left-turn waiting areas to optimize the organizing of traffic flow in intersections which turns out to 
improve the capacity of the intersection by 8%~10%[3]. 
3.2 Space condition 
The left-turn waiting areas generally was set where the primary and secondary road intersect and has central 
green belt because of two reasons [4]: 
(1) Insure enough space for waiting areas; 
(2) In the intersection where primary and secondary road intersect, the traffic flow is often large, so the set of 
waiting area can reduce the delay and save time. 
3.3 Signal condition 
On the arrange of the signal phase and phase sequence, the left-turn phase should behind the straight phase in 
order to let left-turn vehicles wait in the waiting area when the straight vehicles are running, which reduce the 
time that left-turn vehicles pass through the intersection [5]. 
 
4. Concept of left-turn pre-signal 
The main purpose of left turning pre-signal is to reduce stops and oil consumption in the intersection that 
need to or have already set left turning waiting areas.  
4.1 Pre-signal method 
Set pre-signal signs in the intersection with special signal for left turning vehicles and left turning waiting 
areas as shown in Fig. 2. Vehicles cannot pass through the stop line of waiting areas until the green phase for left 
turning vehicles lighted up and should abide by the signals at the rest of time. In the intersection without left 
turning waiting areas, pre-signal can also be put into use by channelizing the ground as left-turn waiting areas. 
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(a) Entry the left turning area         (b) Cannot entry left turning area 
Fig. 2. Pre-signal signs 
 
The time of left-turn pre-signal shows in Fig. 3, the duration time should be decided based on certain 
intersections. 
 
Fig. 3. Time of pre-signal 
 
The duration time of the pre-signal can be decided by Tp. 
                                                                     RUS 777                           
Where: 
S7 duration time of pre-signal ; 
U7 vehicle start delay ; 
7 driving duration time from stop line to the waiting area stop line in a low speed (s), here v=15km/h,     
T0 = v*sl ; 
sl the distance between the two stop lines  
4.2 Effective green light time 
Under the traditional method, vehicles in front of the queen cannot pass the stop line with saturation 
headways because of the drivers  reaction time and start delay, which will cause time losing. The method 
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presented in this article can significantly reduce the losing time by set pre-signal. Vehicles won t have the right to 
pass the stop line of left-turn waiting area until the green light lighted up, but can enter the waiting area when 
permitted. According to the practical driving experience, drivers will observe the countdown of the sign to decide 
there speed and insure they pass the stop line at the time the signal turns green so that pass the stop line without 
stopping. This method reduce the start losing time lo<l, increase the effective green time geo>ge, as showed in   




(a) Traditional method 
 
(b) Pre-signal method 
Fig. 4. Effective green time and losing time 
5. Method evaluation 
5.1 Interval duration time 
Interval duration time tz indicated the interval time between a traffic flow and the next one and determined by 
pass time tii, empty time tr, and enter time te: 




Fig. 5. Signal phase and phase sequence 
The interval duration time between the 1st and 2nd phase is: 
Set left-turn waiting area: ; 
No left-turn waiting area: . 
, are the entry distances when set or doesn t set left-turn waiting areas respectively,  is the length of 
left-turn waiting area, and determined by the size of intersection, and the running track of both left-turn and 
straight forward vehicles.  
   , so . 
The set of the left-turn waiting area turn the start point of the calculation of entry distance from A to B (Fig. 
6), and thus lead to the increase of interval duration time when the empty time doesn t change. 
The interval duration time won t change whether set left-turn waiting area or not. The start point of the 
calculation of the empty distance is still A, empty distance is , and . 
 
Fig. 6. Left-turn waiting area 
 
5.2 Effective green time 
Effective green time is determined by the green time , losing time caused by start SRT, and the yellow 
time Y. 
(1) No left-turn waiting area, green time : 
; 
(2) Set left-turn waiting area, according to the traffic flow theory and wave theory: 
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Where: 
Stands for The time when start wave spread from the vehicle behind the stop line of the left-turn waiting 
area to the vehicle behind the traditional stop line [6]. 
5.3 Stops 
Vehicles  blockage in the intersection can be divided into stop  and incomplete stop  [6]. The set of the 
waiting area increase most of the vehicles stop time by once, which considered by most of the scholars as 
disadvantage of the left-turn waiting area. The method proposed here can avoid the increasing of the stops by set 
pre-signal, so that eliminate the disadvantage. 
5.4 Simulation evaluation 
Take the intersection of Caoan Road-Jiasong North Road (Fig. 7) as an example. This intersection is primary 
road intersection and has left-turn waiting area in both west and east entry. ake delay and stops as the evaluation 
index. 
 
Fig. 7. Intersection used in simulation 
 
Table 1 indicated that the delay and stops in the intersection decreased significantly in the pre-signal method 
then the traditional intersection with left-turn waiting areas. 
Table 1. Delay and stops  comparison 
 Total time 
(s) 
Delay in east entry 
(s /cycle) 






3600 62.3 54.1 1.5 
Pre-signal method 3600 46.1 44.2 0.9 
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6. Conclusion 
This paper analyses the condition to set left-turn waiting areas under the special left-turn phases and proposed 
an optimization method to decrease the delay in such intersection. The pre-signal method has the advantages: 
(1) Make the vehicles pass the stop line in saturate headways with speed V0, so that increase the traffic 
efficiency; 
(2) Decrease delay and stops, which means decrease the fuel consumption so that turn the disadvantages 
into advantages. 
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